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The results of our Mossbauer investigations of ferrite Zno.4Feo.6fNio.6Cr1.4lO4 
and compositions of the system Cua.Nio.4-ajFeo.6tNio.6Cr1.4jO4 (x = 0.0, 0.1, 0.4) 
confirmed the assumption that in ferrites of this system, the frustration degree 
in an A sublattice increases with the growth of the substitution parameter x, 
as a result of which the spontaneous magnetization relationship crs(T) of the 
N type becomes anomalous. 

In [1] it was speculated that if a magnetic structure is frustrated in а В sublattice only, the spontaneous 
magnetization relationship crs(T) will be an anomalous curve of the N type (according to Neel)). If a 
magnetic structure is frustrated in both sublattices of ferrite, the anomalous relationship a s (T) of another 
type is observed. 

When studying the crs(T) curve change with an increase of the parameter x, we replaced the tetrahedral 
Ni2 + ions in ferrite-chromite Nio.4Feo.6tNio.6Cr1.4jO4 by Cu 2 + ions. The objects of the study were samples 
of the system CuxNio.4-a;Feo.6[Nio.6Cri.4]04 (x = 0.0, 0.1, 0.2, 0.3, and 0.4) and, for comparison, ferrite-
chromite Zno.4Feo.etNio.6Cr1.4jO4 diluted with nonmagnetic Zn2 + ions. 

It is established that for compositions with the substitution parameter x — 0.0, 0.1, and 0.2, the 
relationships crs(T) are N-type curves, i.e., they have a compensation point Tc , whereas for compositions 
with x = 0.3 and 0.4 and ferrite Zno.4Feo.6iNio.6Cr1.4jO4, crs(T) is anomalous. 

In view of the results of the earlier studies of ferrites with a frustrated magnetic structure [2, 3], we 
came to the conclusion that two magnetic phase transitions occur in compositions with x = 0.3 and 0.4 and 
also in Zno.4Feo.6[Nio.6Cri.4]04. At the Curie temperature Tc, there occur a transition from a paramagnetic 
state to a state of cluster spin glass characterized by a short-range magnetic order and, at temperature Tt, 
a transition from this state to a frustrated magnetic structure. At temperature Tt a long-range order arises. 
The value of Tt was determined by extrapolating the linear portion of crs(T) to as — 0. 

Table 1 lists the compensation Tc, transition T t, and Curie Tc temperatures for compositions of 
the system CuxNio.4_a;Feo.6[Nio.6Cri.4j04 (x — 0.0, 0.1, 0.2, 0.3, and 0.4) and diluted ferrite-chromite 
Zno.4Feo.6tNio.6Cr1.4jO4. 

It follows from the results of magnetic measurements that an increase in the degree of frustration of 
magnetic bonds in the A sublattice causes a rise in the compensation temperature Tc (for compositions with 
x = 0.0, 0.1, and 0.2), and then transition temperature Tt (for compositions with x — 0.3 and 0.4) with the 
growth of the substitution parameter x [4]. 

It appears interesting to carry out Mossbauer studies for compositions of the system CuxNio.4-xFeo.6~ 
[Nio.6Cr1.4jO4. Since the Fe3+ ions in ferrites of this system are present only in the A sublattice, the 
information obtained testified to magnetic ordering in the tetrahedral sublattice. 
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Table 1 

Sample Tc, K* Tt, K* Tc, K* 
Nio.4Feo.6tNio.eCr1.4p4 340 — 450 
Cuo.1Nio.3Feo.6iNio.6Cr1.4JO4 374 — 475 
Cuo.2Nio.2Feo.6tNio.6Cr1.4jO4 410 475 
Cuo.3Nio.1Feo.6tNio.6Cr1.4jO4 — 112 475 
Cuo.4Feo.6tNio.6Cr1.4jO4 — 415 480 
Zno.4Feo.6tNio.6Cr1.4jO4 — 390 420 
* The absolute error in measuring Tc, Tt, and Tc was 
AT — ± 1 0 K. 

Figure 1 illustrates the relationships (a s/a s0)(T/Tc) for ferrites of the system CuxNio.4-a;Feo.6[Nio.6 
Cri.4]04 with x = 0.0, 0.1, and 0.4, and also for Zno.4Feo.6iNio.6Cr1.4JO4, where crs0 is spontaneous magne-
tization obtained by extrapolating crs(T) to T = 0 K. The arrows indicate relative temperatures at which 
the Mossbauer spectra were recorded. We note that T = 295 К is lower than Tt or Tc for all the tested 
compositions. 

Fig. 1 
Spontaneous magnetization (crs/crs0)(T/Tc) for ferrites of the system Cu^Nio^-^Feo.etNio.e 
Cn.4]04 with x = 0.0, 0.1, and 0.4 and sample of Zno.4Feo.6tNio.6Cr1.4jO4. Arrows indicate 
relative temperatures at which Mossbauer spectra were investigated. 
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Fig. 2 
Mossbauer spectra of ferrites of the system CuxNio.4-xFeo.6fNio.6Cri.4JO4 at T = 295 K: 
(a) x = 0.0; (6) ж = 0.1; (с) ж = 0.4; (d) ferrite Zn0.4Feo.6[Nio.6Cr1.4]04. 
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Fig. 3 

Mossbauer spectrum of ferrite Cuo.4Feo.6[Ni0.6Cri.4]04 at T = 80 K. 
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Figure 2 shows the Mossbauer spectra recorded at T = 295 К for compositions with x = 0.0, 0.1, and 
0.4.and ferrite Zno.4Feo.6[Nio.6Cri.4]04. It can be seen that for a composition with x = 0.1 the lines are 
broadened and the central lines are longer than those for a composition with x = 0.0. For a composition with 
x — 0.4 these features of the spectra are more pronounced. The spectrum of ferrite Zno.4Feo.6iNio.6Cr1.4jO4 
is typical of frustrated structures when there are several regions with different values of the effective field 
# e f f . The spectrum in Fig. 2d is a superposition of two sextets for the A and В sublattices of ferrite, with 
the envelope being their sum. 

Figure 3 presents a Mossbauer spectrum for a composition with x = 0.4 at T — 80 K, which is 
apparently a sextet. 

It can thus be stated that our experimental data corroborate the earlier assumption that the de-
gree of frustration in the A sublattice increases with the increase of the substitution parameter x in the 
system CuxNio.4-xFeo.e[Nio.6Cri.4]04, which results in transformation of the spontaneous magnetization 
relationship a s (T) of the N type into an anomalous relationship of a new type. 
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